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Seven daughter strains of BCG were characterized by restriction fragment analysis with the enzymes BstEII, PruII and BclI. Comparisons of fragment patterns confirmed that BCG is correctly classified as a Mycobacterium bovis variant and suggested that the Swedish strain is most closely related to the original BCG strain.
I N T R O D U C T I O N
Bacille Calmette Guerin (BCG) was established as an avirulent vaccination strain in 1921 after the original mycobacterial isolate had been subcultured on synthetic media 230 times at three-week intervals (Guerin, 1957) . The original mycobacterial isolate was lost some years before 1921, and although it had supposedly come from a bovine source its identity as a member of the species Mycobacterium bocis has been doubted (Grange et al., 1983) . Current strains of BCG are classified as M . bocis variants but it has been suggested on phenotypic evidence that they might better be regarded as strains of Mycobacterium tuberculosis or as a separate group within the tuberculosis complex (Grange et al., 1983) . Virulence of tuberculosis is still poorly understood and the relationship of the original and current BCG strains to each other and to virulent strains of the tuberculosis complex is of continuing interest.
It has been widely accepted for many years that BCG vaccination affords a useful degree of protection against tuberculosis, particularly in children (Grange et al., 1983) . However, the effectiveness of vaccination measured in large controlled studies has varied from 0 to 80% (Chaparas, 1982) . Several possible explanations have been advanced to explain this variation, the hypothesis invoking differences in the immunogenic properties of different BCG daughter strains receiving much attention (ten Dam & Pio, 1982) . Since 1921, strains of BCG have been established in many different countries and these daughter strains now differ considerably in: growth both in citro (Osborne, 1983) and in vivo (Ladefoged et al., 1976; Sher et al., 1973) , phage susceptibility (Mankiewicz & Liivak, 1977) , antigen production (Harboe & Nagai, 1984) , and other characteristics (International Union Against Tuberculosis, 1978; Minnikin er al., 1984) . It is generally accepted that these differences result from genetic changes but the extent of the changes is unknown. A clear need exists to characterize these daughter strains more adequately.
Recently, we developed a restriction fragment analysis technique which was sufficiently sensitive to distinguish between the closely related species of the tuberculosis complex (Mycobacterium microti, M . ajricanum, M . tuberculosis and M . bovis) (Collins & de Lisle, 1985) and also between strains within the species M . tuberculosis (Collins & de Lisle, 1984) and M . bovis (Collins et al., 1986) . In the course of that work we noted that patterns given by a single strain of BCG were similar to those of M . botlis strains (Collins & de Lisle, 1985) . As a consequence we obtained seven daughter strains of BCG and subjected them to restriction fragment analysis.
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METHODS
The BCG strains studied were BCG Copenhagen (Glaxo), BCG Danish (seed-lot 1331), BCG Japanese (strain 172), BCG French (Pasteur seed-lot 1173 P2), BCG Russian, BCG Swedish and BCG Moreau. DNA was prepared from cultures of each of the strains grown in Tween-albumin broth as described for M. bovis ( Collins & de Lisle, 1984) . Samples (4 pg) of DNA were digested separately with the restriction enzymes BsrEII, P L~I and BclI and the fragments were separated by high-resolution electrophoresis as described previously (Collins & de Lisle, 1985) .
RESULTS A N D DISCUSSION
The most notable feature of the DNA fragment patterns (Fig. 1) was the high degree of similarity for all the strains. Although the differences detected between the strains were minor they were reproducible; when DNA was prepared a second time from recultured strains and then digested with the same enzymes, patterns identical to the original patterns were obtained. Comparison of these patterns with those from the four species of the tuberculosis complex (Collins & de Lisle, 1984 ,1985 Collins et al., 1986; and our unpublished patterns) shows that the BCG strains are most closely related to the species M . bouis. Certain combinations of fragment lines appear unique to the BCG strains but the overall number of fragment differences between BCG patterns and some of the M . boois patterns is no more than that which occurs between the M . bocis strains themselves. Restriction fragment analysis thus provides a new method for identifying BCG strains and also confirms the classification of these strains as members of the M . boris species. This contrasts with the suggestion based on selected phenotypic tests that BCG is more similar to M . tuberculosis than to M . bouis (Magnusson, 1961; Wietan et al., 1981) . However, these phenotypic approaches use a relatively small number of characteristics compared to restriction fragment analysis, which is based on the distribution of a large number of restriction sites spread throughout the genome.
Combination of the results from BstEII and either of the other two enzymes separated the BCG strains into six distinct entities; none of the enzymes differentiated the Danish and Copenhagen strains. At those few fragment positions at which differences were observed (indicated by arrowheads in Fig. 1 ) the patterns of the majority of the BCG strains were identical. Thus for each restriction enzyme there was a consensus pattern. The only strain whose patterns were identical with the consensus patterns of all three enzymes was BCG Swedish. BCG Japanese was almost identical and differed at only one fragment line with the enzyme BstEII. If, as appears reasonable, the strains studied here are an acceptably broad selection of the different BCG daughter strains, then the consensus patterns of the current strains probably bear the closest resemblance to the original BCG strain of 1921. The similarity of BCG Swedish to the original BCG strain is also supported by historical evidence. The Swedish strain was established only five years after the original BCG strain and, unlike other daughter strains, was maintained until the modern era by Calmette's original cultivation techniques (Lind, 1983) .
It is not known whether the fragment differences between strains are directly linked to the genetic elements which determine the phenotypic differences of the daughter strains. However, the two groups (Copenhagen, Danish, French; and Swedish, Russian, Japanese, Moreau) into which the strains are separated by the fragment line differences indicated on Fig. 1 (a) by circled arrowheads agree with those determined on the basis of mycolic acid patterns (Minnikin et al., 1984) and production of specific protein antigen (Harboe & Nagai, 1984) . Detailed investigation of the function of the genetic sequences surrounding the BstEII recognition site which accounts for this pattern difference would be required to establish any linkage with these phenotypic differences. Even if a close linkage does not exist, restriction fragment analysis provides a useful method for identifying BCG daughter strains and may be used as a screening test to monitor for possible future changes in these strains.
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